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ABSTRACT Virulent group A streptococci have been 
found to express a ttU-siirfiBce factor th^^^ the capability of 
hiactlvatifig complelllen^derived €heln^tiHiCtlc factors. To de- 
iermiiie the mech^isin of '^e cxonsincd the 

inteittcMoB of {Hiir^^ chemotaxin. 
LigandHVceptor bindhig studies demoiistnited that streptococ- 
cal chemotactic factor Inactivator (SCFD-treated C5a ex- 
pressed a p%atly reduced abili^ to bind to receptors of 
polymorphonuclear leukocytes as compared with native C5a. 
The inactivaj^on of C5a occurred by a non»toicldpme and 
tempenihinHiepeiideiit process. NaDodS64/PAGE analysis 
faidicated that SCFI mediated a small decrease in the molecular 
weigbVof €5a4«^g, 8^^^ of 
faiactiv^ifed^5a 1^ was 
lost;;The^eaMf^i^^ 
iMvliiiif^^i^ 

4 iHivine^i^m^ 

|<sei$i^ 

■■i The^acute inflammsaory response 

v(^ntibt^>|iiiiifei^^ 

i^evienftp^ig^altte 

is charatitcrized by thefdrr^ 

aniphylatbxins , both of -which^^^^^ 

conti^tidh/ increase vjascular pemcability,^ M^ 

V dc^grantilation and release :of histamine from mast cells and 

baspphils (1^^ a potent stimulant for 

iysosbniial enzymcis (5/ 6); In 

gradient, it kiso provides a chemotactic signal. C5a is riie 
major chemoattractant generated in senim after activation' of 
complement (7), and in many situations it is responsible for 
the rapid neutrophilic infiltration at inflammatory loci (8)^. 

There are three m^or strategies by which the complemeiit- 
related chemotactic response can be reduced or prevented in 
host-parasite interactions: (/) the inhibition of complement 
activation, (it) secretion of toxins that suppress cellular 
responsiveness to chemotactic stimuli, and (Hi) inactivation 
of generated chemotaxins. Until recently, evidence for irac- 
ttvation of complement-derived chemotactic factors has been 
scant. While bacterial proteases from Serratia marcescens, 
group A streptococci, and Pseudomonas aeruginosa have 
been characterized that have this activity (9, 10), they are 
nonspecific, readily attaclcing a variety of protein substrates. 
In addition, prolonged incubations are required for 
chemotactic activity to be reduced. The lack of specificity of 
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these enzymes is further exemplified by the generation of 
chemotactic fragments from native C5 (9, 10), a phenomenon 
that would appear counterproducliVe in terms of phagocyte 

evasion. 

We have previously reported on the ability of virulent 
group A streptococci to inactivate complement-derived 
chemotactic activity via an uncharacterizcd cell-surface mol- 
ecule that was distinguished from the virulence marker, M 
protein (11); This factor h^s since been purified and was 
found to be an acidic high molecular weight protein antigen 
(28). We have provisionally designated this antigen the 
streptococcal chemotactic factor inactivator (SCFI) on the 
basis of its anti-chemotacttc activity. In this report, we 
describe lOur^ investigations into the mechanism by which 
SCFL inhibits the biologic activity of CSEU itv,:^^ : 

^ Isdlatloni?!?!^^^^^^ extraeted^^ 

A'strejitoc^ 

by; :hyd^ 

changed chromatogra^jhyi v and gS^^^ 




\ ■'adjiiVf nt;i(-i2)^^ ■ 
::i::deteiTSM 

activity^ (,,v^^ ^SS^f^^-'l^y-^v-iyii:!^ 

5 ated ipv^i^^ 
c-aminqcai?^ic 

prpcediiije qf iFioian^ei jand liugli (13)^,03^ ^as ptiirir : 

V fied by^tb^;$p^e 
the absiencc/d^^^ 

i; labeled;iN!/^h;^^^ 

f peroxidasb/gjucipsis oxid^ 

V labeled tSa^ci^^^^W ;NaDpdS94^PA^^ ani^y$i^ : 
was obtained from Upjohn. ^ ; , : i 5r 

Purification of SCFI-Inactivated C5a- C5 (10 nmol)rWas 
mixed with 20 /ig pf SCFI in phosphate-buffered saline/1% 
bovineserum albumin, pH 7.4, andincubatcdfbr 2 hra437JC;* 
The reaction mixture was applied to a l.O-ml anti-G5a 
immunoaffmity column previously prepared by conjugatmg 
murine anti-C5a IgG with cyanogen bromide-activated Seph- 
arose 4B. After washing with 0, 1 MPO4/0.5MNaCl, pH 7.8, 
the bound G5a antigen was subsequently eluted with 30% 
(vol/vol) acetic acid, pooled, and lyophUized. 

Preparation of Human Peripheral Polymorphonuclear Leu- 
kocytes (PMNs). HUtnafl PMNs were collected by venipunc- 
ture of healthy volunteers as described by Boyum (15). After 
FicoU-Hypaque centrifugaiion (16)» the PMN-containing lay- 
er was subjected to hypotonic lysis in 0.87% NH4CI to 
remove contaminating erythrocytes (17). The PMNs were 
harvested by centrifugaiion at 150 x g for 10 min, washed 
twice in 0.9% NaCl, and resuspended to the appropriate cell 

Abbreviations: SCFI, streptococcal chemotactic factor inactivator; 
PMN, polymorphonuclear leukocyte. 
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density in RPMI (GIBCO) tissue culture medium containing 
1% bovine serum albumin. 

C5a Binding Assay. Binding of ^"Mabeled C5a to PMNs 
was assessed by mixing 4 ^ PMNs per ml in RPMJ 
medium/1% bovine serum albumin with ^Habeled C5a at a 
final concentration of 1 nM in aO.l-ml vol. The mixtures were 
incubated for i5 niin at 24**G in 1.5-ml conic^ jiolypropylene 
mtcrofuge tubes followed by centrifiigation at 11,000 x g for 
30 sec in a Beckman Microftige B. The amount of cell-bound 
^^^Mabeled C5a was determined by transferring one-half of 
the PMN-free supernatant to a separate tube and comparing 
the y radioactivity of the paired samples P (pelleted ceils + 
one-half supernatant) and S (one-half supernatant). Cell- 
bound ^^I-iabeled C5a was calculated according to the 
following equation: 



% bound = 



cpm(S + P) - NS cpm(S) 
cpm(S + P) 



X 100. 



NS, nonspecific binding to the assay tube, was cpm(P + 
S)/cpm(S). Of the total ligand, 30-50% was PMN-associated 
under these conditions (18). 

Radioimmunoassay for Human C5a. Quantitation of C5a 
antigen was achieved with radioimmunoassiay procedures as 
described (18). Briefiy, 30 ^\ of 1 nM^^^Mabeled C5a. 10 /i\ 
Jijqf y^am 10 ^1 of appropriatelyr ililtod C5a 

M^tibj? mixed and incubated fofjSS^ ^A'^C^ 

■ :: 'Sepii^ and free *"l-labefc^ (^59^^ 

^J'^^^lfJ^aiifi^ii of formalin^eH;fg^ 

'^^^SM0^q^ (IgGsorb, The jMy)n^VC^^ 

'X^se^^ 

^jks^^?!rnp^^ as described Ipr the 

ass^y^i^ ^^^^^^^^^^'^^^t*^ ^P^*^"*) 

C5a (lr4i()0;\l^ 

:^i.ii.i;^iAttJ^ (feterminatfon^vc^^ 

J ■ acjd^^l^ pr 2 nmolvof hjrtfroiyzed/^GSa 

^^v^t^i^afd^ ' i^ing^' ai-puirrii:^ 

' ahiiyzieifi^^ df G5a' y/as done iriiSfeM ; 

n heatings iii^^^ 

^ > C^lkikyl-Teri^ QS^i^^^ (l^itwl)w tiurified 

■ ; seF1;i^iactivatfetf^:C^^^ 
4- dij^^edfvlwth QK^ 

SlsalfdHK^^^^^ (Wdrthingt6n)';ai^a^^^^^^^ nrtol; pf 

'IJc^gi^^ 
tlie^e 

acids in the absence of h 

NaDodSQ^/JPACE. Diiscontinupus poiyac 
trophoresis was c;^ed out utider reducing conditions by a 
modification of the procedure of Laemmli (20). For electro* 
phoresis of ^^Mabeied CSaaesAfg* a separation gel was used 
consisting of an exponential gradient of 15-20% acrylamide 
(12»16% glycerol) and radiolabeled protein visualized by 
autoradiography with Kodak XAR-5 x-ray film. Denatured 
bovine serum albumin was prepared by a modification of the 
alkaline urea method of Anson (21). Bovine serum albumin 
(SO ;jig) in H2O was first incubated with 50 mM dithiothreitol 
for 10 min at room temperature, then the protein was 
alkalinized with NaOH (0.08 M final NaOH concentration). 
Crystalline urea was added to 7.3 M. and the mixture was 
incubated at room temperature for 1 hr. The denatured 
bovine serum albumin was diluted with an equal volume of 
0.062 M Tris HCl (pH 7.4) and dialyzed overnight against the 
same buffer. A 5-15% acrylamide gradient was used for 
electrophoresis of bovine serum albumin (Sigma), and silver 
staining was by the Oakley method (22). 



■ I. 



RESULTS 

Inactivation of '^I-U: 4ed C5a by SCFI. While SCFI could 
clearly inhibit the chemotactic activity of zymosan-activated 
human serum (11), it remained to be determined whether 
purified C5a could be similarly inactivated, to examine this, 
the concentration-dependent effect of SCFI on the PMN 
receptor binding and antigenic properties of ^H^eled C5a 
was assessed. SCFI, ranging in concentration from^^ 625 
ng/ml, was incubated with 5 nM ^"Habe led C5a (41 n^^ 
for 60 min at and the ability of treated ligand to bind 
PMNs was measured. As shown in Fig. 1, specific PMN 
binding of ^^'Mabeled C5a was completely inhibited by prior 
incubation of the ligand with SCFI (10 ng/ml), and as litUe as 
0.07 ng of SCFI per ml produced a significant binding 
inhibition. The possibility that this effect was due to the 
complete destruction of C5a by either SCFI or enzymatic 
contaminants of the SCFI preparation was highly unlikely 
because the antigenicity of the ^^^Mabeled C5a remained 
unaltered (Fig. 1). 

Comparison of Receptor Bin^g Affinities of SCFI-treated 
C5a and Untreated C5a. Competitive PMN binding experi- 
ments were performed to show that SCFI acts on unlabeled 
C5a as well as on ^^I-labeled C5a, and to provide an estimate 
of the decreased ligand receptor binding ^finity of the 
inactivated <25a. As shown in Fig. 2, a comparison of native 
and iidfun^ SCFI-treated C5a demons^ 

thjat tteE^lfdW C5a for PKM^ 

'-'^dii^^^i^t^ of the'natiye/li^apt^a^^ 

■ ':bY : tp*r^ 

"J^Sj^^M^^iC^^ 

J;th^iS^55^^ 
vSi^^i^lS^ 

^^oJf'CSaJb^^ The residu^l^l^jp^ 

;,^Sepf^^^tj|§^j^^ to.a'weakCTJSii|d^ 

cpiMalsQ^I^^<^ by the presence of a^m^js^ 




2.5 y 

Log SCFI, pg/ml 



Fig. 1. Dose response for C5a inactivation by SCFI. Puiified 
SCFI (0.076-10 ng/ml) was incubated with 5 nM "^-labeled C5afor 
60 min at 3TC. ^"I-Iabeled CSa was incubated in the absence of SCFI 
as a negative control. PMN binding was ass^'sse^ by incubating each 
mixture with 4 x 10^ PMNs for 15 min at 24'*C, followed by 
cenUifugation to pellet the cells. One-half of the supernatant was 
transferred to a separate tube and the radioactive counts in the paired 
samples (pellet + one-half supemauuit and one-half supernatant) 
were compared. Antigenicity measurements were obtained by mdio- 
immunoassay. Values are the mean of duplicate determinations. 
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Fio. 2. Comparison of ligand-receptor affinity by competitive 
PMN binding. C5a or immunoaffinity-purifled SCFI-treated C5b 
(lO-lOOO nM) was added to, an equal volume of 10 nM ^"I-labeled 
C5a, These samples were diluted 1:10 with PMNs (3 x 10* per ml) 
and binding of "^Mabeled C5a to the PMNs determined. Values are 
the mean of duplicate determinations. Open circles indicate untreat- 
ed X^,5a and solid circles indicate SCFIrtreated C5a. 



iA^S^ipe^ 1 sug- 

i;^|^ifetfid^SGFr wa^ this ■ 

i^hVijbtfiieMi tfet&rtpeiiature 4ie^^ of the 




V vHigi/^fd^ thatthei rate, of ijiac^ I^^I-iabe^ed 

ti#ter^6imi 37!?G, 
^;^with|^?9:iriact 

-an^iysivya 



HabeIedi€5ade5Argiby SCEF wa^^ 
trea$iie| in moleciil^^^^ 
dizymatie deaVage^of the'i^^ 



■ irk' 
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Fig. 3. Temperature dependency of the rate of C5a inactivation. 
'"I-labeled C5a (5 nM) was incubated with SCFI (10 ng/ml) at 4''C. 
24*C, or 3TC. Ahquots were removed ai intervals and incubated for 
15 min at 24*^: with rabbit anti SCFI antibody to terminate the 
reaction, and PMN binding was assessed. Values are the mean of 
duplicate determinations. 




Fig. 4. NaDodS04/PAGE of SCFHreated ^"Mabeled C5a. 
*"l-labeled C5ad„ArB (10 (2.8 x 10* cpm/ml) was incubated with 
(lane B) or without (lanes A) 125 ng of SCFI for 60 min at 37^. 
Samples were mixed with sample bufifer containing 3.3% NaI>odS04 
and 2.5% 2'mercaptoethanol, and then boiled for 2 min. Discontin- 
uous NaDodS04/PAG£ was performed by using a 15-20% expo- 
nential gra<dient, and proteins were visualized by autoradiography. 

B), ^^^I-labeled C5ad«ArB incubated with SCFI exhibited a 

significantly greater electroph untreated 
;^?^Tlabi^le;d^G^ (lanes A). Thfe^dif^ mobility 

wa^smal^^ 

SGFftgiedia^^^^ 
^:^ainirtdibiS^ 




;^!tfpuntj§^^ licidlel^ased^ 
.pepti^^iu^^J^UC^ 



-A^p^*-MeW^^^^ 
'cleayj^e'Qdi^ 
the amih^^^^^^ 
com)batiWe-wk^^^^^ 
i releasi^ ol 
reiiilt of jcopfete 

chymotr)^ addition,^ 
p«)siuiate^:additioiial contaminants in the SGFl^S^eiArg 
mixture in order to account for the release of a relatively high 
concentration of threonine. Alternatively/ the jmrhunoaf- 
tinity-purified C5adesArB could have contained a small fraction 
of partially degraded molecules. The relative yield of thiese 
amino acids does not allow us to conclude which cooiponent 
was contaminated; nevertheless, this does not detract from 
the conclusion that one COOH terminus predominated in 
each preparation. 

Endoprotease Activity of SCFL The possibility that an 
exopeptidase activity of SCFI participated in the cleavage of 
C5a was examined. A reaction mixture containing 2 nmol of 
C5a and 4 fxg of SCFI was tested for the appearance of free 
amino acids by automated amino acid analysis. SCFI was 
analyzed separately as a control for background amino acids, 
and acid-hydrolyzed C5a served as the amino acid standard. 
No amino acids above control levels were detected in this 
mixture, suggesting that C5a was not degraded by SCFI 
through an exopeptidase function. In addition, a small basic 
peak was detected by the amino acid analyzer that did not 
correspond with the C5a amino acid standards; this most 
likely represented a short peptide derived from the C5a. 
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Amino acid 


C5ad„Aii. nmol 


SCFI-inactivated C5a*, nmol 


uiy 


1 Oft 


0 11 


T All 




fl Oft 


Glx 


0.85 


0.02 


Met 


0.37 


0.00 


Asx 


ft 


n nn 

u.uu 


Lys 




1 An 
l.UU 


His 


0.28 


1.12 


Ser 


0.00 


0.67 


Ue 


0.13 


0.19 


Phe 


0.12 


0.26 


Tyr 


0.15 


0.78 


Thr 


0.06 


0 36 




Known sequence: 




65 


68 


71 74 



1 

i 

■i 



i 

1 



- Asn - lie - Ser - His - Lys - Asp - Mel - Gin - Leu - Gly - (Arg) - COOH 
CSajeaAm, nmol 0.28 0.32 0.32 0.37 0.85 0.86 1.06 

SCFI C5a, nmol 0.67 1.12 1.00 



♦One nanomolc of carboxypcptidase-digested C5ade»A»B or SCFI-inactivated C5a was analyzed. SCFI 
inactivation was assessed by the reduction in ligand-receptor binding affinity. 

These observations together suppoit the hypothesis that the appearingf within 1 hr (Fig. SB), The appearance of discrete 
shortening of C5a occurs through an endoproteolytic cleav-^ peptide fragments on prolonged incubation is. characteristic 

; ^gg^ " p^^^ ^ . of cnjdpi^ 



■M 

'.a 




^^;;;^^^a\^dj^^ 

-^y. ) '^iv;'" '^■'^vr/'^'-''^ : 'P . :^ ■ ■ - ^ ■ ^ -i- ^tivity "is- diie iatiteast in-,part to .a 
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1 



3 4 5 6 



Fio. 5. Proteolytic activity of SCFI with bovine serum albumin 
as the substrate. Bovine serum albumin (80 fig/ml) iA) or urea- 
denatufed bovine serum albumin (B) was incubated in 0.0625 M 
Tris-HQ (pH 7.4) with SCFI (20 /ig/nd) at 37»C, AUquols (10 fd) were 
removed at various time points* boiled with sample bufifer, and 
analyzed by NaOodSO^/PAGE. The gel consisted of a 5-15% 
acrylamide gradient, and proteins were stained by the silver tech- 
nique. BSA, denatured bovine serum albumin at 48 hr (lanes 1); SCFI 
at 48 hr (lartes 2); bovine serum albumin at 11 hr (lane 3 in A), 24 hr 
(lane 4 in A), 48 hr (lane 5 in A), Denatured bovine senim albumin at 
11 hr (lane 3 in B). 8 hr (lane 4 in B), 24 hr Qane 5 in B), 48 hr (lane 
6ina). 



This loss of C5a: fonctioiial 
to a reduced bihcbhg^^ 
theG5afte^ptb^^ After complemefnlictivatibii 

in serumi the C5a that is generated is immec^a^y attacked 
bymietidogehbiis B^e eiia^to^^parb^^ / 

pBjitida^fetN^^ removes thci iCS30Hfte!i^^ 

ail^hinfe^sid^ ' 
relets ib the iessenUaUy ?comp^ 
geriican^yasculgfrj^^ 

Weil as^ I3ecireasc^;^^t^^ to 
protnote leiAocyW^hclions (25V 1^ 
of C5a t6 CSadesAri is 5op^^ 

the C5-reiated chemotactic activity found ^n kymosan-act- 
ivatcd serum (25). and this conversion probably serves to 
limit the tissue-destructive effects of C5a-induced inflanuna- 
tion (27). The sequential removal of five aniino acids from the 
carboxyUerminal end of C5a with yeast carboxypcptidase Y 
to form the analogue C5a-(l-69) results in the complete loss 
of functional activity and a paralleU although incomplete, 
reduction in binding affinity (25). The signiiScant residual 
binding capacity of C5a-(l-69) has led to the proposal that the 
ccirboxyl-tenninal region provides an essential receptor rec- 
ognition function auxiliary to the internal portion of the 
ligand, as well as an ''activation ' site required for the 
stimulation of receptor-mediated functions (25). 

The results of the present study show that SCFI is a 
protease that attacks the COOH-terminal region of C5a at the 
carboxyl side of a lysine residue to produce a molecule that 
lacks the capacity for functional interaction with PMN 
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